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Abstract 
After thousands of years of exclusive use of saddle querns for grinding grain, a series of  
sophisticated mills appeared and developed in the Mediterranean during the second half of the 
first millennium BC and the beginning of the Common Era. These were the Olynthus mill, the 
rotary hand mill, the Iberian rotary pushing mill, the Morgantina mill, the Pompeian mill, the 
ring mill, the Delian mill, the watermill and the geared mill. Although studies of aspects of 
this subject have appeared in the past, these have usually been limited to one mill type or 
region. In this paper we intend to present an overview of the dynamics of innovation, 
continuity, influences and spread of these different milling systems. 
Résumé 
En région méditerranéenne, après de centaines d'années d'usage exclusif de meules à va-et-
vient pour la mouture des céréales, dans le parcours de la deuxième moitié du premier 
millénaire avant J.-C. et le début de la notre ère, apparaissent et se développent une série de 
moulins plus sophistiqués: le moulin d'Olynthe, le moulin rotatif manuel, le moulin ibérique 
poussé, le moulin de type Morgantina, le moulin pompéienne, le moulin à anneau, le moulin 
délien, le moulin hydraulique et le moulin à engrenage. 
Malgré les dernières années ont apparue des études à propos de quelques aspects du sujet, ils 
sont normalement limités à un type de moulin ou une région. Nous essayons dans ce travail de 
présenter un panorama des dynamiques d'innovation, de continuité, des influences et 
expansion de ces systèmes de mouture. 
Keywords: Saddle querns, Olynthus mills, rotary hand mills, Iberian pushing mills, 
Pompeian donkey mills, ring mills, watermills, Mediterranean, Antiquity, Iron Age. 
Mots-clés: meules à va-et-vient, moulins d'Olynthe, moulins rotatifs manuels, moulins 
ibériques poussés, moulins type Morgantina, moulins pompéiens, moulins annulaires, moulins 
hydrauliques, Méditerranée, Antiquité, Age du Fer. 
1. INTRODUCTION
After thousands of years of use of to-and-fro saddle querns, a wave of innovations and 
inventions in the Mediterranean Basin revolutionised milling toward the middle of the 1st 
millennium BC. The aim of this paper is to offer a brief overview of these changes that took 
place throughout several centuries, drawing attention to the differences between the various 
regions of the Mediterranean. 
We have encountered two major problems in this study. The first is that published data about 
querns and mills is not uniform. While some zones have been the object of studies in the last 
decades, others provide little or no information. Since the end of 19th century, several surveys 
of mills and milling have been published (BENNETT AND ELTON, 1899; LINDET, 1899 and 
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1900; STORCK AND TEAGUE, 1952; MORITZ, 1958; PEACOCK, 2013a). Regional studies, 
nonetheless, provide most of the data for these studies.  
The main studies focusing on milling in the Eastern Mediterranean are R. Frankel's survey of 
the Olynthus mill (FRANKEL, 2003a; 2007; 2012) and L. Bombardieri's (2010) PhD thesis. As 
regards Greece  there are the work of C. Runnels (1981; 1990); for Turkey there is the brief 
study of the Troad region (TAKAOGLU, 2008). For the Elephantine Island in Egypt there is the 
article by S. Wefers and F. Mangartz (2014). For the Central Mediterranean area there is 
practically no information with the exception of Seberta's general survey (1992) and 
Peacock's important article about the mills of Pompei (1989). Of great importance is White's 
work on the assemblage of mills from Morgantina (1963). North Africa suffers from the same 
situation as only a few papers are available (AKERRAZ A., AND LENOIR M., 2002; LEDUC, 
2008 and 2011; VOS de et alii, 2011). 
The situation in the Western Mediterranean is very different. Three recent PhD theses 
examine this area. The studies of M. Portillo (2006) and S. Longepierre (2011), both focusing 
on the Iron Age, are centred respectively on the Catalan coast and the south of France. T. 
Anderson in 2013 defended a thesis regarding the south of the Iberian Peninsula, from the 
Iron Age through the Roman Period, with a priority on the question of millstone quarries. The 
research carried out for many years by N. Alonso, in turn, is centred mainly on the origin, 
manufacture and use of rotary querns (ALONSO, 1996; 1999; 200 2; ALONSO et alii, 2011; 
2014 a; ALONSO AND PÉREZ, 2014). Furthermore, a collective work has very recently been 
published regarding mills and milling during the Iron Age in the Iberian Peninsula, including 
methodological and geographical studies submitted by various authors (ALONSO, 2014b). 
Important works have been published about millstone quarry workings and trade by David 
Peacock (1980; 1986) and Renzulli et alii, (2002). Among these stand out the articles of O. 
Williams-Thorpe and R. S. Thorpe (1988; 1989; 1990; 1993) that included petrological 
analyses. 
The second difficulty is the lack of conclusive dating for querns and millstones. Well-dated 
contexts are very unusual and the chronological ranges are often very wide and sometines 
limited to only one global date for a site. In addition, it is known that many querns were reused 
and often found outside of original stratigraphical contexts. Once again, with the exception of a 
few isolated examples, the western Mediterranean provides the best-dated contexts. 
This paper is organised in two sections. The first presents saddle querns and their use, a type 
that continues in use even today. This part also discusses some new and exceptional types. The 
second section examines the mills introduced in the 1st millennium BC. One of them is the 
Olynthus mill using the to-and-fro motion. Yet the main innovation is the introduction of the 
rotation motion in querns and mills, notably the Morgantina mills, Pompeian mills, ring mills 
and, finally, the watermills. In this paper we neither describe in detail each type of quern or 
mill nor review their subtypes, findings or archaeological contexts. We limit ourselves to the 
identification of the most important types in order to set in place the evolution of milling. 
Although we have cited a number of sites and dates, we have not attempted to include all of the 
published examples. 
A table with a schema of the use of mill types presented in this paper is shown the Figure 1. 
2. SADDLE QUERNS: CONTINUITY AND VARIATION
Mortars and saddle querns were the first tools used by humans for grinding a wide range of 
products. Current archaeological data points to a use of querns for grinding cereals in the Near 
East as early as the Upper Paleolithic, 10,000 years before cereal domestication (PIPERNO et 
alii, 2004). The tool generally called the "saddle quern" has been in use for thousands of years, 
and is used even today in some parts of the world. It even continued to be used long after more 
sophisticated grinding mechanisms were introduced. Meyers (2011, p. 246), for instance, has 
demonstrated that in Roman Galilee in the city of Sepphoris the Olynthus mill was in use, yet 
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in the mountain village of Nabratein only saddle querns were used. Ethnographic works, 
archaeological structures and iconography reveal the different ways saddle querns were 
operated (e.g. ALONSO, 2014a; BOMBARDIERI, 2010; PEACOCK, 2013a). They were driven, for 
the most part, on the floor, in a kneeling or sitting position, or standing on a clay structure or 
table.  
We concur with David Peacock's view that saddle querns have been often grouped 
indiscriminately and not properly analysed (2013a, p. 12). Throughout their long life and wide 
geographical distribution, their lower and upper stones are, in fact, very heterogeneous. 
Currently, specialists are undertaking detailed research on the subject of prehistoric querns in 
several chronological periods and countries. Their work will certainly provide interesting data 
that will enable more accurate future classifications.  
Nevertheless, this is not the goal of the present work and we will mainly point to a few 
exceptional types that appeared during the first centuries of the first millennium BC.  
2.1. The Assyrian type (Figure 2a1 and 2a2) 
This is a type of saddle quern found mainly in Mesopotamia and less frequently in the Near 
East. Its main characteristic is the presence of a groove on the surface of the upper stone, 
which is used to lodge a lever. In fact, the Assyrian mill is the first and the earliest lever mill 
known in the Mediterranean area (BOMBARDIERI, 2010, p.78-85) (Figures 1g).  
The upper stones of this type are basically rectangular with rounded corners and a flat grinding 
surface (length 30-40 cm, width 20-30 cm, height 5-10 cm). The regular shaped groove carved 
into the upper surface is parallel to the longest sides of the grindstone. The groove is most 
often off-centred (type A) or, in a few cases, centred on a smaller and ellipsoidal  upper stone 
(type B) (BOMBARDIERI, 2010, p.78-79, fig. 92). The lower stones of this type are rectangular, 
flat or slightly concave. The best studied assemblage is that of Tell Barri (Syria) 
(BOMBARDIERI, 2008). 
The earliest Assyrian mills date from the 9th century BC. The latest were in use until at least 
the 5th-4th century. As noted previously, they were spread mainly throughout northern 
Mesopotamia and the Syrian Levant. Furthermore, they are recorded mainly in major Assyrian 
cities (e.g. Tell Barri, Tell Ahmar, in Syria, and Nimrud, in Iraq). In the Southern Levant, 
examples are published from Tell Qasile and Tell Tannim (Israel). Unfortunately the dating of 
these mills is not precise (AVSHALON et alii, 2004) (Figure 2a.1). L. Bombardieri suggests that 
the Olynthus mill developed as a result of contacts between the Assyrian mill (with the 
innovative lever) and the hand grip hopper saddle quern (with the innovative hopper) 
(BOMBARDIERI, 2005, p.499). Nevertheless, this second type could be, in some cases, a 
simplified version of the Olynthus mill (see below) (FRANKEL, 2003, p.8). 
Grooved handstones have been also reported in other very different contexts during the Iron 
Age in the Loire Valley (GEORGES et alii, in this volume) and, according to Storck and Teague 
(1952, p. 72-73, fig. 36), on the Island of Delos.  
2.2. The Archaic Greek type (Figure 2b) 
Although this mill type does not present any characteristic or innovative function, we present it 
because it is the first Greek quern known in the Western Mediterranean. It first appeared in the 
6th century BC. It is a "standard" shaped quern recorded mainly since the Bronze Age in the 
East, and not until the Iron Age in the West (it could be Peacock's type 4, 2013, p. 14-16). Its 
lower stones are either oval or elliptical. The western examples are for the most part 
rectangular (grinding tables) and often associated with sub-rectangular or, more commonly, 
eye-shaped upper stones. These "eye-shaped" upper stones are found at several Greek 
settlements between 6th and 4th BC bearing strong Greek colonial influence, such as Ullastret 
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(Catalonia) or Lattara (France) (Figures 1b and 2b). Examples have also been recovered in the 
cargo of the 6th century shipwreck of Cala Sant Vicenç (Catalonia) (VIVAR, 2008).  
Their use is similar to that of other saddle-querns. The extremities of the "eye-type" upper 
stone facilitates the grip during grinding. 
2.3. Hand-grips and Ribbed types (Figures 2c-g) 
Another variantion is the upper stone with two hand-grips (Figures 1c-f). This type was in use 
between the 5th and 1st century BC. In some cases the upper stones are oval with two lateral 
horizontal grips placed on the upper surface of the grindstone (Figures 1c and 2c).  
An unusual type is found in Minorca (Balearic Islands) during Iron Age. It has a longitudinal 
rib on the top of the upper stone (Figures 1d and 2d) and its average length is 51 cm (FERRER, 
2011, p. 180). 
Another unusual shaped saddle quern with hand-grips appears at several sites in the Near East 
such as Horvat 'Ein Koveshim (AVASHALOM et alii, 2004) and Sarepta (PRITCHARD, 1978, p. 
88, fig. 73). Its provenance suggests a Phoenician origin (Figures 1e and 2e). The side facing 
the operator of the stone is rounded both in plan and in section. It originally tapered down to a 
point making the complete stone a section of a sphere. The fragment from Horvat 'Ein 
Koveshim is 46 cm wide and 13 cm high at its highest point in the centre. Parallel to the edge 
of the stone are two grooves serving as hand-grips. The flat lower grinding surface is dressed 
and parallel to the rounded end of the stone (AVSHALOM et alii, 2004). The Sarepta example is 
presumably from the Iron Age (1200-586 BC) while the Horvat 'Ein Kovshim mill is probably 
from the Hellenistic Period (332-37 BC). Another recent find is dated to the Persian Period 
(586-332 BC). 
Finally, a special subtype of hand-grip saddle-quern must be highlighted because it probably 
had an important role in the following innovations (see below). This sub-type has both hand-
grips and a hopper (Figures 1f, 2f and 2g). Poorly dated examples are known from the Greek 
sites of Priene (Turkey) and Delos (Cicladic Islands). They are elliptical and very similar to 
the upper stone of a saddle quern. Other examples are rectangular. One rectangular model 
with hand-grips, hopper, and dressed grinding surface was found in Thera (Figure 2g) 
(GAERTRINGEN AND WILSKI, 1904, fig. 193). Another unpublished example, also rectangular 
with hand-grips and a hopper, was discovered during the rescue excavations in Rhodes. It is 
now on display in the archaeological exhibition of the Palace of the Grand Master. All four 
are found in and around the southern Aegean Sea (Frankel 2003a, Fig.11) 
3. MILLING INNOVATIONS FROM THE MIDDLE OF THE 1ST MILLENNIUM BC
From the middle of the 1st millennium BC the diversity of milling systems and devices 
increased immensely. The introduction of hoppers, levers, dressing of the grinding surfaces, 
and, most notably, the rotatory motion, are some of the aspects of the progress in milling that 
took place. We will present the most important mill types and their characteristics. 
3.1. To-and-fro motion: the Olynthus mill (Figure 4b) 
The standard Olynthus mill is a lever mill. The exception is a subtype with hand-grips (see 
above). The upper stone is either rectangular or square, with a rectangular cutting or slit on its 
upper side that slopes down to join the grinding surface (Figure 1h and 4b). In the standard 
rectangular type found in the Eastern Mediterranean, there are grooves on two opposite sides 
of the rim usually on the short sides opposite the end of the slit (Figure 4b.1-2 and 4-5), but 
sometimes in the middle of the long sides. A small hole at times filled with lead is often either 
directly below one or both of the grooves on the side of the stone. This feature is appears not to 
be present on models found in the western Mediterranean (Figure 4b.3). 
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When the Olynthus mills first drew the attention of archaeologists, their use was far from clear. 
Some were published without description and others were thought to be windows. W. M. 
Flinders Petrie (1888) was the first to recognise that this device was a grinding tool and K. 
Kourouniotes (1917) was the first to correctly explain its function, basing his argument on 
reliefs on the 3rd century BC Megarian bowl (Figure 3d).  
In his reconstruction of the standard Eastern type, a long wooden rod was attached to the upper 
stone in the two grooves. The rod was probably secured with wire attached with lead in the 
small holes to the stone, or in other cases perhaps using cord tied to a peg inserted into the 
hole. The rod served as a lever. The upper stone was fixed close to one end of the rod. The 
short end of the rod was attached to a vertical pin on a table, while the long end served as a 
handle. However, at an excavation at Gamla in Israel an Olynthus mill was found in situ in the 
corner of a room showing in this case that the rod was inserted into a niche in the wall. There 
is, in fact, a passage in Talmudic literature that clearly refers to both methods (pin or a niche in 
the wall) (FRANKEL, 2003a: 6 figs. 3, 5, 6) 
The size of the standard upper stone is 40-55 cm in length, 15-20 cm in width and 5-10 cm in 
thickness. The lower stones are rectangular and measure 45-60 cm in length, 30-45 cm in 
width and 5-7 cm in thickness (CURTIS, 2001, p. 281, note 45).  
Characteristic of the Olynthus mill are the furrows that appear on the lower surface of the 
upper stone and on the upper surface of the lower stone. These dressings come in a variety of 
patterns consisting mainly of parallel lines, herringbone patterns or a combination of both 
(FRANKEL, 2003a, figs. 7 and 8) and  mark a significant innovation in grinding efficiency. 
They increased the grinding surface, facilitated a better grip of the kernels, and enabled the 
grains to be cut rather than crushed, thereby yielding larger pieces of bran that facilitated the 
subsequent   separation of the bran (CURTIS, 2001, p.281). 
Different types of Olynthus mills and their geographical distribution were established by 
Frankel (2003a). The device varied according to the shape of the upper stone and its hopper,  
the method of attaching of lever, and its dressing patterns. 
There is no doubt that the Olynthus mill originated in the eastern Mediterranean. Yet what 
remains unclear is if it was invented on the Greek mainland or in Anatolia. The earliest 
archaeological examples date to 425-400 BC in Athens. At Olynthus itself the examples also 
date to the 5th century BC.  
The hand-grip saddle-querns described above could be an intermediate type, between the 
simple saddle quern and the Olynthus mill. The examples from Thera and Rhodes, rectangular 
with hopper handgrips, could also be a portable type of Olynthus mill. Unfortunately, these  
examples are not accurately dated.  
It has been long recognised that the Olynthus mill was the mill of Classical Greece. It is 
common in Israel and Ptolemaic Egypt (4th c. - 1st c. BC), at least in Upper Egypt (J.-P. Brun, 
personal communication), and appears in the western Mediterranean in the 4th century BC. The 
fact that this type is found in large numbers in Sicily, in Magna Graecia in southern Italy, an 
was spread in Provence in southern France, all Greek colonies, suggests that it spread 
westward by Greek colonists. However it did not penetrate into regions such as Iberian 
Peninsula where the rotary quern already existed. Greek colonisation, however, cannot alone 
explain the aspects of the distribution pattern of the Olynthus mill. Other factors must be 
sought for the examples found in North Africa and in the Italian Alps (FRANKEL, 2003a).  
It was still in use until the 2nd century BC in western Mediterranean, for example in Lattara 
(PY 1992) or in the oppidum of Saint-Estève (Brun 1984, p.11), and much later in the East, for 
instance at least until first-second century AD in Greece (Isthmia or Athenian Agora, 
RUNNELS, 1981, 127) and Egypt (Mons Porphyrites, PEACOCK, 2007, fig. 9.8; Didymoi, BRUN,
2011, p.245). Furthermore, it was present in Israel until the 6th century AD (for instance, 
Tamra, TEPPER, 2007, or Khirbat al-Karak, DELOUGAZ AND HAINES, 1960, p. 22, 10). It is 
clear that the hand mill of the New Testament and of the early Talmudic literature, the 
Mishnah and Tosephta, is the Olynthus Mill" 
6 
6 
The use of Olynthus mills offers various advantages when compared to saddle querns. First, it 
allowed the miller to stand upright while working, in a position more comfortable than 
working with a saddle quern. Besides, the operator did not need to press down on the upper 
stone. Secondly, the hopper accommodated larger quantities of grain and it was not necessary 
to stop as often to add more kernels. The increase in size of both stones also served to raise 
the grinding capacity  (CURTIS, 2001, p. 284-286).  
3.2. The rotary motion: hand and pushing mills 
The use of rotary motion already existed in Eastern Mediterranean in the Early Bronze Age 
either on the vertical plane, as in the case of the wheel, and on a horizontal plane as in the 
case of the potter's wheel. In the middle of the 1st millennium BC, new devices of different 
form and function applying rotary motion were invented both in the western and eastern 
Mediterranean. In the west the horizontal motion served for grinding grain as seen by the 
rotary quern and the Iberian pushing mill. In the east the vertical motion is evidenced by 
rotary olive rollers, the "edge runner" or trapetum for crushing olives (FRANKEL, 1993; 1999, 
p. 68-73).
One of the advantages of the rotary motion, as opposed to the reciprocal motion, was that it
followed only one direction and therefore was continuous and uninterrupted. This enabled the
use of animal traction and later of that of water, wind and machinery.
3.2.1. The rotary hand mill (Figure 4a)  
After saddle querns, the rotary hand mill or quern is the milling system that remained in use for 
the longest period of time. The first examples are from the middle of the 1st millennium BC. 
Today they are still present in some rural zones in the Mediterranean Basin (e.g. Turkey, 
Greece, Magreb) (ALONSO, 2014a).  
A rotary hand mill or rotary quern consists of two circular stones one above the other, both 
between 25-50 cm in diameter. The upper stone rotates on the fixed lower stone with a 
continuous circular motion. It has been suggested that in some cases the movement was semi-
rotary. The height of the upper stones can be up to 25 cm and for the lower stones up to 35 cm. 
In the Mediterranean region the most common upper stone is cylindrical, i.e., it has vertical 
sides (PY, 1992; PORTILLO, 2006; ANDERSON, 2013, 45; ALONSO AND PÉREZ, 2014;
LONGEPIERRE, 2012 and 2014) (Figure 1i and Figure 4a). 
In the centre of the upper stone there is usually a hole, "the eye", that served both as a hub that 
rotated around a spindle inserted in the centre of the lower stone and as a hopper through 
which the grain was poured. To be an effective hub the hole had to be small; yet to be an 
effective hopper it had to be large. This problem was often solved by a device known as a rynd, 
a perforated metal or wooden bridge attached to the upper stone. This feature permitted the 
union of the two stones and allowed the flow of grains through the eye of the upper stone. 
Noteworthy are examples of Chinese rotary hand mills with no "eye" (FRANKEL, 2012: 117-
118). 
Ethnographical studies show that the rotary hand mill was usually operated at floor level by a 
seated person with one leg bent and the other outstretched (ALONSO, 2014). 
The morphology and fittings of rotary hand mills evolved through time. In the western 
Mediterranean during the Iron Age (6th-2nd c. BC) their morphological diversity is 
significant, especially in Iberian culture, where the manufacture of mills seems to be a local 
activity. Most of the rock outcrops serving to make these mills are found near the settlements. 
There are, nonetheless, examples of more distant millstone trade (ALONSO et alii, 2011; 
ANDERSON, 2014; LONGEPIERRE, 2014, p.297-298). Unfortunately, no quern quarry dating to 
the Iberian Iron Age has as yet been identified on the Iberian Peninsula. 
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 In northern France and England the most common rotary querns have flat grinding surfaces 
and a very thick upper stone with large and deep hoppers. These are often called Beehive 
querns and are usually associated with the La Tene Celtic culture (Figure 4a.6). Childe (1943) 
was the first to point out that examples from the Iberian Peninsula were quite different. This 
author associated them with Cato's molae hispaniensis (De Agricultura, X, 4). In southern 
France both types are known since the 3rd century BC at sites such as Lattara (Figure 4a.5) 
and during the 2nd-1st century BC at Thermes and Chastelard (PY, 1992; LONGEPIERRE, 2014). 
The rotary hand mills from Israel usually have a vertical projection on the centre of the lower 
stone and the handle hole is either in a horizontal lug or vertical or both (Figure 4a.6). They 
are, however, dated to later periods. 
 The typology of rotary hand mills is usually based on the inclination of the grinding surface 
and handle fittings, although there is still little agreement on a common typology. In the 
Iberian Peninsula during the Iron Age there are, in many cases, two handles, although in the 
4th-3th century BC some examples with a single handle are documented. Handles can be fitted 
in ear-like lugs (fashioned directly from the rock) or inserted in a cutting (mostly vertical slit, 
"inverted keyhole" or "dove-tail" and "L" shaped slots) or a hole. Lugs with vertical holes, slits 
cuttings or "inverted keyhole" seem to be characteristic of the Iberian Culture (PORTILLO, 
2006; ANDERSON, 2013, 47; ALONSO AND PÉREZ, 2014, 245-246) (Figure 4a.3). 
Regarding Roman rotary hand mills from southern Spain, T. J. Anderson observes that handle 
cuttings changed from two opposite lateral cuttings for a crosspiece to a single hole on the 
upper surface. Besides, in the Roman period special means of assembling and tentering were 
introduced. These including rynds and other fittings on the upper surface (ANDERSON, 2013, p. 
44-51) (Figure 4a.8-9). In the south of France, S. Longepierre identifies a typological transition
at circa 250 BC, from early Iberian types to other, more standardised types with rynds
(LONGEPIERRE, 2014, p. 296-297).
Different types of pecked grinding surfaces from the 5th century BC, and furrow patterns from
the 3rd century BC, have been recorded in Iberian Iron Age mills (LEPERAUX-COUTURIER,
2014; ALONSO AND PÉREZ, 2014, p.246-247, fig. 6).
In the Eastern Mediterranean, the earliest rotary hand mills date to Roman times and present
smaller diameters. In Greece, for instance, examples measure a maximum of 38 cm (RUNNELS,
1990, 151; WILLIAMS-THORPE AND THORPE, 1993, p. 270).
The rotary hand mill is probably an Iberian cultural innovation, invented in the north-east of
the Iberian Peninsula and South of France during the end of the 6th or the beginning of 5th
century BC. The largest assemblages of these early rotary querns are found in the north-
western area of the Mediterranean Basin, at the sites of Els Vilars d'Arbeca, Turó de Ca
n’Olivé, Alorda Park (Catalonia) or Pech Maho (France) (ALONSO, 1997, 1999, 2002; ÉQUIPE
ALORDA PARK, 2002; GAILLEDRAT AND SOLIER, 2004, p.416-417; PORTILLO, 2006;
LONGEPIERRE, 2014) (Figure 4a.1-2).
The small fragment found in a Punic context in Byrsa (Tunisia) suggesting the existence of
rotary hand mills in North Africa at the end of the 6th century BC, is ambiguous (MOREL,
2001, p. 242-243, fig.1) It is devoid of any characteristic element such as an eye or handle
cutting.
Moreover, the first devices of this type in Central Mediterranean Basin are documented in
Sicily in the 3rd century BC (WHITE, 1963; PEACOCK, 1989) and in Italy and North Africa in
the 2nd century BC. They are associated with Morgantina mills and Olynthus Mills (e.g.
WHITE, 1963, MOREL 1969, p. 480; LANCEL 1982, p. 93-103) (Figure 4a.4). No rotary hand
mill, not even a fragment, has been brought to light in Punic sites during the 4th century BC,
whereas Morgantina mills are well documented.
D. Peacock claimed that "it is worth nothing that assemblages of Punic or Greek mills in
Sicily lack rotary querns: the sites of Agrigento, Akrai and Motya are dominated by Olynthus
mills and while Pompeian/Morgantina types are present occasionally, rotary querns are absent
(personal observation). This suggests that they were not used to any extent in the central
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Mediterranean between the 6th and 2nd century BC” (PEACOCK, 2013a, p.55). Likewise, 
rotary hand mills are rare in Morocco and Sardinia, where they are even imported from Agde 
(France) (WILLIAMS-THORPE, 1988, p.260; WILLIAMS-THORPE AND THORPE, 1989, p. 90 and 
110). 
However, the rotary hand mill spread rapidly during 5th-4th century in the eastern area of the 
Iberian Peninsula and in southern Gaul (until the Rhône valley) (ALONSO AND PÉREZ, 2014). 
During 3rd-2nd century, it spread to the rest of Iberian Peninsula (see regional approaches by 
various authors in ALONSO, 2014b), to Provence, in association with the Olynthus mill, and to 
northern Gaul (JACCOTTEY et alii, 2013; LONGEPIERRE, 2012 and 2014) and also to the north 
of the Alps (WEFERS 2011).  
The spread of Roman influence prompted the expansion of rotary hand mills to the rest of 
Mediterranean Basin: during the 1st c. BC to Greece (RUNNELS, 1990, p.153) and not before 
the 1st century AD to Israel. At Masada, the defenders of the Jewish fortress in 73 AD used 
Olynthus mills while the Roman conquerors used rotary hand mills. The Roman conquerors 
then discarded the Olynthus mills and recycled them to pave the floors (NETZER, 1991, p. 
290-291). In fact, in this zone, the rotary quern only replaced the Olynthus mill completely in
the Byzantine period (FRANKEL, 2003a, 18).
3.2.2. The Iberian rotary pushing mill (Figure 5a) 
In the Iberian Peninsula there is evidence of a particularly large rotary mill, the Iberian rotary 
pushing mill, that we suggest should be regarded as a separate type. 
The innovation of rotary motion permitted the increase of grinding capacity resulting in a 
higher yield because, for the first time, the upper and the lower stones had equal grinding 
surfaces. In addition, the rotary motion allowed the manufacture of bigger mills that could not 
be operated by hand. Indeed, in the Iberian Peninsula, since the first appearance of rotary 
motion, and mainly during the 4th and 3rd century, we observe two phenomena, the existence of 
very large rotary mills and the use of "mill podia" or very thick lower stones (ALONSO et alii, 
in press; ALONSO AND PÉREZ, 2014).  
Regarding rotary mills, the analysis of the relationship between the diameter and the height of 
the Iberian upper stones (ALONSO AND PÉREZ, 2014) reveals the presence of two groups:  
(a) a type with a small upper stone with a diameter less than 50 cm and a height less than 25
cm. Most examples of this type correspond to rotary querns described above.
(b) a type with large upper stone corresponding to the Iberian rotary pushing mill. This type
has three sub-groups: (b.1) with a diameter equal or larger than 50 cm; (b.2) with a diameter
lower than 50 cm but a height larger than 25 cm (Figure 5a.1); and (b.3) a very large upper
stone with a diameter surpassing 50 cm and a height more than 25 cm (Figure 5a.2); (ALONSO
AND PÉREZ, 2014, p. 243, figure 3).
The upper stones of the Iberian rotary pushing mills are similar in form to those of the rotary
querns and have varied handle systems (vertical straight fittings, handles fashioned directly
from the rock and with fittings). These large mills are too heavy to be driven by hand.
Furthermore, in 14 of the Iberian sites dating from the 4th and 3rd centuries, 25 of these mills
are associated with podia. In some cases, these are directly associated with complete rotary
mills (upper and lower stones) (Figure 5 a.3 and a.4). There are also a few examples in the
Ebro Valley and in the Mancha region. Most of the podia are cylindrical, erected with stone
and clay. The best preserved have a trough with a drain to gather the flour. Their diameters
range between 50 to 110 cm and their height varies between 28 and 60 cm, with an average at
43 cm. Although the position of most of these podia permits a peripheral rotary motion (Figure
5a.3), some do not (Figure 5a.4) (ALONSO et alii, in press; ALONSO AND PÉREZ, 2014, p. 247-
249, fig. 7 and 8).
In certain cases a very thick lower stone also served to elevate the mill (ALONSO et alii in
press; ALONSO AND PÉREZ, 2014, p. 243-245). It is also possible that there were wooden
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supports (such as tables) at sites without podia that could have served as bases for these large 
mills. 
There are five cases of complete mills associated with podia. The total height (base plus mill) 
and the weight of the millstones suggest they were driven by means of a horizontal lever by 
one or two people. For this period we can discard the use of animal traction, mainly due to the 
lack of space around the mill. These mills are very different from the more common rotary 
hand driven querns, and since they are characteristic of the Iberian culture, we propose they be 
called the Iberian rotary pushing mill. 
3.2.3. The bi-conical: Morgantina and Pompeian mills (Figure 5b) 
The classical hour-glass shaped Pompeian mill is the most emblematic mill of the Roman 
world. It is known as a Donkey Mill in Greek Latin and Hebrew but it should be noted that in 
the Greek version of Diocletian's Edict on Prices a horse mill is also mentioned (LAUFFER, 
1971: no.52a, pp. 147 and 257). It is well-known in the urban bakeries of Pompeii, 
Herculaneum and Ostia (PEACOCK, 1989), as well as in the provinces (JACCOTTEY AND
LONGEPIERRE, 2011; DE VOS et alii, 201 1; ANDERSON, 2013, p. 60-61; PEACOCK AND
WILLIAMS, 2014; WEFERS AND MANGARTZ, 2014) (Figures 5b.7 and b.8). It consists of a 
conical lower stone and a bi-conical upper stone joined by the spindle set in a hole on the top 
of the lower stone. The upper hopper is the receptacle for the grain and the lower is the 
grinding surface. Two opposite square sockets with two small holes are located at the girth of 
the upper stone. The many iconographic representations of this mill (e.g. Figure 3c) clearly 
reveal how the wooden rig was fitted to the donkey.  
In Hebrew the two stones of the donkey mill had names that are different from those of the 
hand mill. An edict regarding the distance of the location of this mill from a neighbour's wall 
(to avoid unwanted damage) records that ". . .the distance from the wall of the lower stone בכש] 
shekhev literally "that lies down"] of a hand mill [in this case an Olynthian mill] must be three 
[hand breadths] which is four from the upper stone [בכר rekhev literally "rider"] and of a 
donkey mill three from the lower stone [ךבורטציא itstrubal fruit of fir trees similar in Greek] 
which is four from the upper [תלק qelet ] (Tosephta Baba Bathra 1,2). In Latin texts there is 
apparently only one reference to upper and lower millstones (Digesta XXXIII 7.18.5) 
recording that the meta is the lower stone and the catillus the upper. Although it is not 
specifically stated, the reference is clearly to a donkey mill. Just as the Hebrew itstrubal (cone 
of the fir tree) is similar in form to the lower stone of the donkey mill, so the meta is similar in 
form to the conical marker used in Roman stadiums. In the same passage (7.18.22) the donkey 
of the donkey mill "asinam molendarium" is mentioned. 
The forerunner of the classical Pompean mill is the Morgantina mill. D. White's (1963, p. 205) 
analysis of the assemblage of Morgantina (Sicily) established the main differences between the 
Morgantina and Pompeian types (Figure 5b). An important contrast is that the former is much 
smaller. At Pompeii the average height of the upper stone (catillus) is 70 cm and that of the 
lower stone (meta) 60 cm, whereas the largest catillus at Morgantina is only 36 cm high and 
the highest meta less than 50 cm.  
D. Peacock and D. Williams (2014) describe another small biconical Pompeian mill found in
the Near East, that is more cylindrical in shape than the classic form and usually about 35 cm
high. Its date is unknown.
In addition to size, the Morgantina mill's catillus differs in shape. The upper cone serving  as a
hopper is always much smaller than the lower cone (Figure 5 b.1, b.2 and b.3). Furthermore,
the lateral lugs or sockets are also very different. The Pompeian mill's sockets are small
relative to the height of the catillus and recessed into the wall at the girth. The Morgantina
sockets, at the base of the mill instead of the girth, take the form of large sockets that dominate
much of the external section. They have openings at their top (Figure 5 b.1, b.2 and b.3).
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In addition, some of the Pompeian catillus had a band wrapped around their girth and the 
Pompeian meta had a rounded top, while the Morgantina catillus lacked all traces of such a 
central band and the top of its meta was invariably flat. 
Nearly all of the Pompeian mills in Israel are very similar to those from Pompeii. Yet they do 
have a feature common to the Morgantina mill. They have two opposite small holes on the rim 
between the two main sockets. These are clearly for an additional frame or fitting that is 
possibly mentioned in the Talmud1 (WHITE, 1963, p. 203, note 33; FRANKEL, 2003b, p. 47). In 
certain cases these catilli bear these holes on the upper and lower rims, indicating that the 
upper stone was reversible (Figure 5 b.5). 
Elsewhere there are other variants that are without doubt connected in some way to the 
classical Pompeian and the Morgantina mills. There is an upper stone from Ecija (Seville), that  
instead of bearing two sockets has four perforated lugs (SÁEZ FERNÁNDEZ, 1987: p. 112) and in 
the British Museum there is an example from Hamworthy, but that could be modern (BENNET
AND ELTON, 1898, p. 183; SMITH, 1931, fig. 11) (Figure 5b.3 and b.4). It has two similar 
protrusions with holes, a very small upper cone and two small holes on the rim, features that 
are similar to those of the Morgantina mill and the Pompeian mills in Israel. Similar mills were 
found in France (LINDET, 1900, fig. 16). All these unfortunately are undated.   
The Pompeian mill was almost certainly animal-driven, as demonstrated in a number of reliefs 
depicting bakeries (e.g. Figure 3c, cf. also ZIMMER, 1982), although in some cases they could 
have been driven by men as was the Morgantina mill. In this sense they are both pushing mills.  
The two earliest Morgantina mills were found in the Sec ship wreck (Mallorca) dated to the 
4th century BC (ARRIBAS, 1987). The analyses undertaken by O. Williams-Thorpe and R.S. 
Thorpe (1990, p.133) reveal that at least one of them came from the Mulargia quarry district 
in Sardinia. These authors speculate that this mill could have been loaded on the ship at 
Carthage. The connection between the quarries from Sardinia and Carthage is well known in 
the Roman period (PEACOCK, 1989, p.50). Therefore, although bi-conical mills are found 
neither in Sardinia nor in the Carthage area until the 3rd-2nd century BC (LANCEL, 1982, p.93), 
we can assume that they were known there earlier, during the 4th century. Also, in Sicily, 
although the Morgantina mills date to the 3rd century at the site of Motya (destroyed in 397 
BC), a lava lower stone from Pantelleria (Sicile) was found. Although from a superficial 
deposit,  this strongly suggests a date at least from the early 4th century BC (PEACOCK, 2013, 
p. 90).
Some of the earliest examples of classical Pompeian mills in France (1st c. BC) seem to be
associated with mining activities rather than bakeries. There are a great number distributed
throughout the Narbonese province (JACOTTEY AND LONGEPIERRE, 2011; LONGEPIERRE,
2012). Yet recent research suggests that this type of mill was not widely adopted in Roman
Hispania, as not more than a dozen are known throughout the whole peninsula (ANDERSON,
2013, p. 60-61). In the Eastern Mediterranean, Pompeian Mills were widespread in the Roman
period and one example has been published from the Hellenistic period from Mount Gerizim
in Israel (MAGEN 1993: fig. 36.1).
3.2.4. The ring mill (Figure 6a) 
1 
          " תורונצ תוספותה תא םייחרה הלעמלמ --------ןיאש תויושע אלא קזחל רודסה " 
"The pipes { תורונצ) that hold the mill from above ------------only serve to strengthen the arrangement" (Tosephta: 
Kelim Baba Metzia 2-15) 
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During the Late Iberian period in the south of the Iberian Peninsula, in the 2nd century BC, a 
new type of rotary mill appears. It is described in detail by T. J. Anderson (2013, p. 56-57). It 
consists of a roughly cylindrical, ring-shaped upper stone with a "D" section and a lower 
stone with a steep grinding surface, with an elongated neck topped by a circular or square 
spindle hole. Upper stones have vertical slits, "L-shaped" or "inverted keyhole" lateral 
cuttings (BERROCAL, 2007, p.292) for their driving fittings. This type differs from the Iberian 
pushing mill because of the shape of both upper and lower stone. It is not known in the 
Eastern Iberian regions. 
Although these mills are reported at a number of Iberian Iron Age sites in the south of Spain, 
only two sites have examples with secure chronological contexts: Cerro de la Cruz and 
Castrejón de Capote (QUESADA et alii, 2014; BERROCAL, 1989, p. 258; 284, fig. 26.1). At the 
first site a few mills are associated at times with charred cereals and cylindrical podia built of 
stone and earth. They measure about 110 cm in diameter and 25 cm high. The Iberian ring 
mills from Cerro de la Cruz have a size of 51-58 cm in diameter. The height of the complete 
mill is 59 cm (QUESADA et alii, 2014) (Figure 6a.1 and a.2). 
Roman ring mills are similar to the Iberian ring mills, but larger. The upper stones have a ring 
shape, with a D-section, straight vertical edges and lateral cuttings, L-shaped rectangular or 
"dove-tail" incisions. The lower stone is conical or bell-shaped, with a square spindle hole 
(Figure 1m and Figure 6a) (ANDERSON, 2013, p. 58-59; PEACOCK, 2013a, p. 94-95).  
T. J. Anderson has pointed out that, when devoid of context, it is not always possible to 
differentiate the Roman ring-mills from the Iron Age models (ANDERSON et alii, 2011, p.154; 
2013, p.58). However, the lower stone usually develops a marked platform ("sombrero" 
shape) (PEACOCK, 2013a, p.95).  
Peacock and Williams (2014, p.101) describe some mills from Jordan as ring mills and 
Wefers and Mangartz (2014, fig. 7) call some mills from Elephantine Egypt that fit the term 
"pseudo-Pompeian type millstones". 
The ring mill is characteristic of southern Spain and northern Africa. In fact, it is also labelled 
as the Volubilis type due to the many examples documented at this settlement in Morocco 
(ETIENNE, 1960; AKERRAZ AND LENOIR, 1981-82, p. 71-73, pl. VI-VII) (Figure 6a.2). At 
Volubilis this type of mill is related to the olive oil industry. Hence Frankel (1993; 1999, p. 
72-75) suggested that this is Columella's mola olearia and he labelled it the horizontal oil
mill. However, several researchers suggest a "multifunctional" use both for crushing olives
and also for milling cereals (AKERRAZ AND LENOIR, 2002; PEÑA, 2010, p. 574, 576, 750). A
study of the Volubilis mills suggests that volcanic basalt ring mills, without dressing, were for
grinding grain, whereas the shell-rich sandstone ring mills, dressed with furrows, were for
grinding olives (AKERRAZ AND LENOIR, 2002). Another more recent interpretation has the
basalt ring-mills directly associated with the pistrinae (bakeries) (LEDUC, 2008 and 2011).
They date largely from the 2nd century AD.
3.2.5. The segmented Delian mill (Figure 6b) 
The Delian mill is an exceptional segmented mill, identified for the first time at the Island of 
Delos (DEONNA, 1938) (Figure 6c.1). Both upper and lower stone are made of several small 
pieces of lava segments bound with iron cramps set in lead. New excavations during the 
1980s permitted to observe the disposition of the parts of one of these mills dated to 69 AD 
(BRUNET, 1997, p. 29). According to Peacock, the reason for segmentation is always simple: 
the rock with superior grinding properties could only be obtained in small pieces. Regarding 
the Delian mills, the source of the lava could not provide large blocks suitable for monolithic 
millstones (PEACOCK, 2013b, p.154). Peacock proposes three types (2013b, p.154-155). The 
reconstruction of their use is not simple and attempts have been advanced by Stock and 
Teague (1952, p.79, fig. 40) and Brunet (1997, p.c30, fig. 2 and 3) (Figure 6c.2-3). 
12 
12 
Examples of segmented mills are known in Nekuomanteion (Western Greece) dated to the 
Hellenistic period, as well as Karanis, Clysma and Mons Porphyrites, Badia (Egypt) 
(PEACOCK, 2013a, p. 97; 2013b, p.162) and Megara Hyblaea (Sicily) (Chaigneau, in this 
volume). The mill from Nekuomanteion is the earliest example dated by Runnels (1981, p. 
134) to 234-167 BC. It is interesting to note that segmented Delian mills were in use until the
4th century AD at, for example, Badia (Egypt) (PEACOCK, 2013a, p. 97).
4. WATERMILLS
Information about several watermills dating to the first centuries AD has been compiled 
recently by J.-P. Brun (in press)2. These types of installations are known in Athens (PARSONS, 
1936; SPAIN, 1987), Rome (WIKANDER, 1979; SCHIOLER AND WIKANDER, 1983; WILSON 
2003), North Africa (WILSON, 1995), France (LEVEAU, 1996; BRUN AND BORRANI, 1998;
JACCOTTEY AND LABEAUNE 2010; BRUN, in press; BRUN ET ALII, in press; JACCOTTEY AND
ROLLIER, in press), Switzerland (CASTELLA 1994) and England (SPAIN, 1985; 2008; HOWARD 
2011; WILSON 2010; SIMPSON, 1976; WIKANDER, 1985). Apparently only two might be dated 
to the first century BC: Mailhac in France (HARFOUCHE et alii 2005) and Bolle in Jutland 
(STEENSBERG, 1979). It must be noted that there is doubt as to if this last example is a 
watermill (e.g. WIKANDER, 2000, p. 394).  
The archaeological evidence contributes little to the knowledge of the technical details of these 
mills. Our knowledge of the early models is mostly from pre-industrial evidence and written 
sources. 
Preindustrial evidence indicates that there were two main types.  The type with the horizontal 
water wheel is often called the Norse or Greek mill (WILSON, 1960, note especially the 
different types of water wheels, ibid fig. 2 and the different types of "penstocks", ibid fig.1, 3, 
4, 5). The second model is equipped with a vertical wheel (REYNOLDS, 1983) and is often 
called the Vitruvian mill (Figures 7a.1 and a.2). In both types the millstones are usually similar 
to those of the rotary hand mill but larger.  They are driven from below by a spindle that passes 
through the eye of the lower stone and attached to the catillus either by holes in the top surface 
(the “Avenches” type, CASTELLA 1994) or by a rynd lodged the eye of the lower surface. In the 
case of horizontal wheels, the spindle is connected directly to the water wheel.  In the case of 
vertical wheels, the spindle that turns the millstones is turned by a geared mechanism. 
As regards the early history of watermills, the two main questions are where was the watermill 
invented and what is the relationship between the two types. Until recently the earliest sources 
were in Latin and dated to the 1st century AD: Pliny [HN XVIII, 28.97] and Vitruvius [De 
Architectura X, 5.2, with a detailed description of the vertical mill], a reference in Hebrew 
from the Roman Period (Tosephta Shabat 1,28), and in Greek: Strabo (Rerum Geographicum 
X, ii 556) from the 1st century BC and a poem by Antipater (for Greek original and English 
translation, MORITZ, 1958, p.131). Yet it is not clear whether Antipater is from Thessaloniki 
(1st c. BC - 1st c. AD) or  Sidon (130 BC). Avitsur (1960) suggested the second option and as 
the pre-industrial watermills in Israel were equipped with horizontal wheels, he presumed them 
to be the early type and that the watermill originated in the Levant. His suggestions were not 
accepted (see for example SMITH, 1985). However, a recent reassessment of earlier Greek texts 
that have only survived in their Arabic translations (LEWIS, 1997; AD et alii, 2005, p.167; 
FRANKEL, 2007 217), and the discovery of water-mills in Israel with Pompeian type Millstones 
(AD 2005 et alii; FRANKEL 2007), provide additional support for Avitsur's suggestion that the 
watermill originated in the Eastern Mediterranean at a date earlier than previously thought.  
5. GEARED MILLS
2 
 We express our gratitude to J.-P.Brun for this unpublished article. 
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Millstones very similar in size and form to those that equipped watermills have been found in 
places where there are no streams or rivers that could have served to power them (MORITZ, 
1958 122-130). Their driving mechanisms have been reconstructed in two different ways. The 
first, though geared like the Vitruvian mill, is driven my man. The second has been 
reconstructed as driven by donkey or horse (MORITZ, 1958: fig, 14; FRANKEL, 2003b, p. 49, 
50) (Figure 7 b.1 and b.2). Many of this type have been reported at Saalburg in Germany on
the border of the Roman Empire and probably operated by Roman soldiers. An example was
also found at Fishbourne in England (CUNLIFFE, 1971, p. 153, no. 9, fig. 7, 9).
6. CONCLUSION; MILLING TRADITIONS AND INFLUENCES IN MILLING DURING THE FIRST
MILLENNIUM BC
We have shown how from the middle of the first millennium BC the diversity of milling 
systems in the Mediterranean basin clearly increased after thousands of years of use of the 
same method with roughly the same type of quern. Two main new milling systems were the 
Olynthus mill and the rotary mill. The rotary mill in the form of a quern could be driven by 
hand or, in its larger format, by a man or animal (Iberian rotary pushing mill, 
Morgantina/Pompeian mills and ring mill). Later mills were driven by water, wind and finally 
by machinery. It is significant that vertical rotary olive crushers were also invented at about 
the same time. 
The Olynthus mill originated in the East, in Greece or in Anatolia, and the rotary quern and 
the Iberian pushing rotary mill in the West, probably in the northeastern and eastern region of 
the Iberian Peninsula. Finally, the Morgantina mill originated in the central Mediterranean 
area. To understand the significance of the typological differentiations, the emphasis must be 
placed not only on chronological sequences but on the interrelated effects of cultural 
continuity and regional diversity (FRANKEL, 1999, p. 176). 
The eastern mill was brought to the west and the western to the east. These exchanges took 
place at different rates and with different results. The Olynthus mill arrived in the west rapidly 
during the 4th century BC, brought almost certainly by Greek settlers. In the west it was used  
in limited areas and only for a short periods probably because it could not compete with the 
rotary quern (Figure 8a).  
The rotary hand mill did not appear in the east until later. It arrived in Greece in the 1st 
century BC and in Israel in the 1st c century AD. It was almost certainly introduced to both 
areas by Roman legions, probably because it was transportable. After a long time, it finally 
supplanted the Olynthus mill. Although it was invented much later, the Pompeian donkey mill 
moved eastwards earlier. In Israel an example has been reported from the Hellenistic period 
and this type was widespread during the Roman period. As a result, in the west the rotary 
quern (and the Iberian rotary pushing mill) arrived before the Pompeian mill while the 
opposite was the case in the east. 
One characteristic of ancient technical cultures was conservatism. The Olynthus mill, for 
example, was still in use in the Levant until the Byzantine period long after the arrival of the 
rotary quern. Similarly, in the Iberian Peninsula rotary querns and Iberian rotary pushing mills 
sufficed. Therefore, the other types of Mediterranean mills were not adopted. It is interesting 
to note in this regard the absence within the Iberian world of Morgantina mills and Olynthus 
mills. This contrasts wiht the situation in the central Mediterranean area or the south of France 
(Figure 8b). At present, only one Olynthus mill has been found in the whole Iberian 
Peninsula. Yet it is not in an indigenous context, but at the Greek colony of Rhode (Roses, 
Catalonia) (GENÍS, 1986, p. 113). It was only later, during the Imperial Roman period, that the 
Pompeian mill was introduced into the cities and villae. The Pompeian mill, however, never 
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became as widespread as the rotary hand and pushing mills (SÁEZ, 1987, 105-112; 
ANDERSON, 2013, p. 60-61). 
There might be a broad cultural or more narrow cultural-identity explanation for the Greek 
and Iberian reticence to mills other than the Olynthus mill and rotary mills. Another example 
is the Etruscan civilisation that was highly influenced by the Greek and Eastern worlds but 
appears, nevertheless, to have been completely closed to the Olynthus mill (DAL RI, 1994, p. 
60). The primary reason for cultural continuity and regional diversity is a subjective human 
factor, clearly related to the isolation of one human group from its neighbour. This will be 
most marked where there are ethnic differences, particularly where these find expression in 
differences in language and religion and in political borders. These factors are usually also 
accompanied by local traditions and techniques (FRANKEL, 1999, p.176).  
All the evidence combines to focus on the central Mediterranean as the point of origin of 
Pompeian mills. D. Peacock (2013, p. 92) suggests that their origin could be at Mulargia in 
Sardinia. For this reason the site came to be known as Molaria in the Roman period. Another 
candidate is Sicily. It is very likely that the Pompean mill evolved from the Morgantina mill. 
The appearance of the Morganitina was almost certainly a result of the convergence of the 
knowledge of the Iberian rotary quern with two handles from the west, with that of the 
Olynthus mill in the east. The rotary movement and the two sockets deriving from the Iberian 
quern and the large hopper from the Olynthus mill. In addition, the awareness of the existence 
of two such different types made it psychologically easier to overcome the inherent 
conservatism of ancient technologies and to develop a new type (Frankel, 2003a, p. 19). 
However, the first rotary querns known in the Central Mediterranean date to the 3rd century 
BC while the earliest Morgantina mills are from the 4th century BC. Apparently only the 
knowledge of the existence of the rotary quern reached the region earlier because of the 
contacts between Iberian culture and Punic cultures. This could be another example of 
"conceptual transfer" (Frankel, 2012). Additional research in this region will perhaps paint a 
more clear portrait. 
It must also be acknowledged that different types of mills normally coexist in the same region 
or settlements, depending on a variety of reasons, such as the type of product to be ground, 
the social context or the urban or rural setting. There is no doubt that less expensive and more 
portable saddle querns were probably more common in households, whereas the Olynthus 
mills, as suggested by the Megarian bowl (Figure 3)  illustrating a commercial flour mill, 
operated in business establishments (CURTIS, 2001, p. 284). For example, inhabitants in  
Roman Galilee (1st-2nd c. BC to the 1st-2nd c. AD) in a large town used Olynthus mills while in 
a small mountain village, in turn, they opted for saddle querns (MEYERS, 2011, p.246). In fact, 
in Israel at the end of the Roman period, saddle querns, Pompeian mills, Olynthus mills, 
rotary querns and watermills were all in use side by side. Likewise, Iberian rotary pushing 
mills are found both on large and small settlements, and they always coexist with rotary 
querns and saddle querns. They are found in some cases in specialised spaces which show a 
new organisation of production that was perhaps either extra-domestic (communal) or related 
to the larger dwellings of the elite. Maybe both domestic production and communal 
production coexisted. 
The new grinding mechanisms from the middle of the 1st millennium BC were a turning point 
in the history of milling. At the end of this millennium another new and revolutionary type of 
mill, the watermill, appeared in the Mediterranean Basin. Although the origin and dating of 
both watermill types (horizontal and vertical water wheels) is not clear, they spread throughout 
the Mediterranean and beyond, initiating a new era of milling. 
BIBLIOGRAPHY 
AD A., S'ABD AL- SALAM AND FRANKEL R. 2005, "Water Mills with Pompeian-Type 
Millstones at Nahal Tanninim", Israel Exploration Journal 55, p. 156-171.  
AKERRAZ A., AND LENOIR M., 2002, "Instruments de broyage en Maurétonie Tingtane à 
l'époque romaine, le cas de Volubilis. In Procopiou H. and Treuil R. (dir.), Moudre et 
Broyer. L’interprétation fonctionnelle de l’outillage de mouture et de broyage dans la 
Préhistoire et l’Antiquité. Ministère de la Recherche, Paris, p. 197–207. 
AKERRAZ A. AND LENOIR M., 1981-82, "Les huileries de Volubilis", Bulletin 
d'Archeologie Marocain, 14, p. 69-120. 
ALONSO N., 1996, "Els molins rotatius: origen i expansió en la Mediterrània 
occidental", Revista d'Arqueologia de Ponent, 6, p. 183-198.  
ALONSO N., 1999, De la llavor a la farina. Els processos agrícoles protohistòrics a la 
Catalunya Occidental, Lattes, CNRS (Monographies d'Archeologie Méditerranéenne, 
4). 
ALONSO N., 2002, "Le moulin rotatif manuel au nord-est de la Péninsule Ibérique: une 
innovation technique dans le contexte domestique de la mouture de céréales", in: 
PROCOPIOU H. and TREUIL R., (dir.), Moudre et Broyer. L’interprétation fonctionnelle 
de l’outillage de mouture et de broyage dans la Préhistoire et l’Antiquité. Ministère de 
la Recherche, Paris, p. 105–120. 
ALONSO N., 2014a, “Etnoarqueología del proceso de molienda manual de cereales: 
grañones, sémolas y harinas", in: Alonso, N., ed.), Dossier: Molins i mòlta al 
Mediterrani occidental durant l'edat del ferro, Revista d'Arqueologia de Ponent, 24, p. 
113-136.
ALONSO N. (ed.), 2014b, Dossier: Molins i mòlta al Mediterrani occidental durant
l'edat del ferro, Revista d'Arqueologia de Ponent, 24, p. 113-136.
ALONSO, N., AULINAS, M., GARCÍA, M. T., MARTÍN, F., PRATS, G. AND VILA, S., 2011,
“Manufacturing rotary querns during 4th c. BC: Els Vilars Fortress (Arbeca, Catalonia,
Spain)", in: PEACOCK D. and WILLIAMS D., eds, Bread for the people, Southampton,
Southampton Archaeology Monograph, p. 55-65.
ALONSO, N, LÓPEZ, D., PÉREZ, G., in press, “Les moulins rotatifs sur support du monde
ibériques: caractéristiques et utilisation", in: JACCOTTEY L., ROLLIER G. (dir.),
Archéologie des moulins hydrauliques, à traction animale et à vent des origines à
l’époque médiévale. Actes du Lons-le-Saunier, du 2 au 5 novembre 2011, Annales
Littéraires de l'Université de Besançon, France.
ALONSO, N, PÉREZ, G., 2014, “Molins rotatius de petit format, de gran format i espais de
producció en la cultura ibèrica de l'est peninsular", in: Alonso, N., Dossier: Molins i
mòlta al Mediterrani occidental durant l'edat del ferro, Revista d'Arqueologia de Ponent,
24, p. 239-255.
AMOURETTI, M.-CL., 1986, Le pain et l'huile dans la Grèce antique. De l'araire au
moulin. Centre de Recherche d'Histoire Ancienne, vol. 67. Paris.
ANDERSON, T. J., 2013, Les carriers de meules du sud de la peninsula Ibérique, de la
protohistoire à l’époque modern, PhD Thesis, University of Grenoble,
<http://www.theses.fr/2013GRENH014>.
ANDERSON, T. J., 2014, “Moleras en la Península Ibérica: una primera clasificación de
las canteras de molinos", in: ALONSO, N. (ed.), Dossier: Molins i mòlta al Mediterrani
occidental durant l'edat del ferro, Revista d'Arqueologia de Ponent, 24, p. 157-174.
ANDERSON, T.J., JACCOTTEY, LUC, SCARROW, J.H., CAMBESES, A., in press, “Premier
Bilan sur les Moulins Pompéiens dans la Péninsule Ibérique". in: Jaccottey L., Rollier
G. (dir.), Archéologie des moulins hydrauliques, à traction animale et à vent des
origines à l’époque médiévale. Actes du Lons-le-Saunier, du 2 au 5 novembre 2011, 
Annales Littéraires de l'Université de Besançon, France. 
ARRIBAS, A., 1987, “Los molinos", in: Arribas, A. et alii, El barco del Sec (Calvià, 
Mallorca). Estudio de los materiales, p. 563-588. 
ARTEAGA, O., PADRÓ, J., SANMARTÍ, E., 1990, El poblado ibérico del tossal del Moro de 
Pinyeres (Batea, Terra Alta, Tarragona). Monografies Arqueològiques, 7, Inst. de Prehª 
i Arqueologia, Barcelona. 
AVITSUR, S., 1960, "On the History of the Exploitation of Water Power in Eretz-Israel", 
Israel Exploration Journal, 10, p. 17-45. 
AVSHALOM-GORNI, D., FRANKEL, R., GETZOV, N. 2004, "Grooved Upper Grinding 
Stones of Saddle Querns in Israel", Tel Aviv, 31.2, p. 262-267. 
BENNET, R. AND ELTON, J., 1899-1899, History of Corn Milling London-Liverpool, vols 
1 and 2. 
BERROCAL, L., 1989, “El asentamiento "céltico" del Castrejón de Capote (Higuera la 
Real, Badajoz)", CuPAUAM, 16, p. 245-295. 
BERROCAL, L., 2007, “De la mecánica a la molienda: un ensayo sobre los molinos 
giratorios de la españa antigua", in: Blánquez, J., Roldán, L., Jiménez, J. (ed.), Augusto 
Fernández de Avilés. En homenaje, Universidad Autónoma de Madrid, p. 275-297. 
BOMBARDIERI, L., 2005, “The MIllstones and diffusion of new grinding techniques 
from Assyrian Mesopotamia to the Eastern Mediterranean basin during the Iron Age", 
in: MONOZZI, O., DI MARZIO, M.L., FOSSATARO, D., 2008, Proceedings of the IX 
Symposium on Mediterranean Archaeology, Chieti, February 24-26 2005, Oxford, p. 
487-494.
BOMBARDIERI, L., 2010, Pietra da Macina, Macine per Mulini. Definizione e sviluppo
delle tecniche per la macinazione nell'area del Vicino Oriente e del Mediterraneo
orientale antico, BAR International Series 2055, Oxford.
BONET H., VIVES-FERRANDIZ J. (eds), 2011, La Bastida de les Alcusses, 1928-2010,
Valencia: Museu de Prehistòria de València.
BRUN, J.-P., 1984, "L'habitat de hauteur de Saint-Estève (Evenos, Var). Bilan des
recherches, 1896-1976, Revue archéologique de Narbonnaise, p. 1-28.
BRUN, J.-P., 2011, “Les meules", In Cuvigny, H. (ed.), Didymoi, Une garnison romaine
dans le désert Orientale d'Égypte, IFAO, Cairo, p. 243-249.
BRUN, J-P AND BORREANE, M. 1998, "Deux Moulins Hydrauliqoes du Haut-Empire
Romaine n Narbonnaise", Gallia 55, p. 279-326.
BRUN, J-P, in press: "Les moulins hydrauliques dans l'Antiquité", in: Jaccottey L. and
Rollier G. (dir.), Archéologie des moulins hydrauliques, à traction animale et à vent des
origines à l’époque médiévale, Actes du Lons-le-Saunier, du 2 au 5 novembre 2011,
Annales Littéraires de l'Université de Besançon, France.
BRUN, J-P, JACCOTTEY, F., JODRY, F., LEPERAUX-COUTURIER, S., PICAVET, P. ET ROBIN,
B., in press: "Pistes pour l'identification des activités de mouture sur les sites ruraux de
la Gaule romaine", in: Produire, transformer et stocker dans les campagnes des Gaules
romaines, XIe Colloque des l'Association d'étude du monde rural gallo-romain - AGER,
Clermont-Ferrand, 11-13 juin 2014, MSH, Paris.
BRUNET, M., 1997, “Les meules rotatives en Grèce, l'exemple délien", in: Meeks, D.
and Garcia, D. (ed.), Techniques et économie antiques et médiévales: le temps de
l'innovation, Ed. Errance: 29-38.
CASTELLA, D. 1994, Le moulin hydraulique gallo-romain d’Avenches «En Chaplix».
Fouilles 1990-1991, Cahiers d’archéologie romande, Lausanne. 1994.
CHAIGNEAU, CH., "Le moulin "délien": l'apport d'un nouveau corpus", in this volume.
CHILDE, V.G., 1943, "Rotary Querns on the Continent and in the Mediterranean Basin", 
Antiquity XVII, p. 19-26. 
CUNLIFFE, B. 1971, Excavations at Fishbourne 1961-1969, Volume II: The Finds, 
London, Reports of the Research Committee of the Society of Antiquaries of London, 
no. XXVII. 
CURTIS, R.I., 2001, Ancient Food Technology, Brill, Leiden. 
DAL RI. R.L., 1994, “Le macine come problema archeologico. Alcune considerazione", 
in: Il grano e le macine, Castel Tirolo: Museo Provinciale di Castel Tirolo, p. 51-66. 
DELOUGAZ, P. AND HAINES, R.C., 1960, A Byzantine church at Khirbat al-Karak, 
University of Chicago Press, Oriental Institute Publication 85, Chicago. 
DEONNA, W., 1983, Exploration archéologique de Délos. Le mobilier, Paris. 
EQUIPE ALORDA PARK, 2002, "Les meules rotatives du site ibérique d'Alorda Park 
(Calafell, Baix Penedès, Tarragone", in: Procopiou, H. and Treuil, R. (dir), Moudre et 
broyer. L'interprétation fonctionnelle de l'outillage de mouture et de broyage dans la 
Préhistoire et l'Antiquité, II, Paris: Éd. du CTHS, p. 155-175. 
ETIENNE, R, 1960, Le quartier Nord-Est de Volubilis, Paris. 
FERRER, A., 2011, “El procesado de los cereales en Menorca (Islas Baleares, España) 
durante la Edad del Hierro. Una aproximación a partir de la etnología y la Arqueología 
experimental". in: MORGADO, A., BAENA, J., GARCÍA, D. (eds.), La Investigación 
Experimental aplicada a la Arqueología, Granada, p. 179-183.  
FISCHER, M. AND TAL O., 1999, “Stone Artifacts from the Byzantine Period”, in: BEIT-
ARIEH, I., Tel‘Ira a Stronghold in the Biblical Negev, p.421-427.  
FLINDERS PETRIE, W.M., 1988, Tanis II, Nebesheh, and Defennen (Tampanhes). 
Memoir of the Egypt Exploration Society, 4, Trübner and Co., London. 
FRANKEL, R., 1993, “The trapetum and the mola olearia", in: Amouretti, M.-Cl. and 
Brun, J.-P., Oil and Wine Production in the Mediterranean Area, École Française 
d'Athènes, p. 477-481. 
FRANKEL, R., 1999, Wine and Oil Production in Antiquity in Israel and Other 
Mediterranean Countries, Sheffield Academic Press. 
FRANKEL, R., 2003a, “The Olynthus Mill, Its Origin and Diffusion: Typology and 
Distribution", AJA 107, p. 1-21.  
FRANKEL, R., 2003b, “Mills and Querns in Talmudic Literature. A Reappraisal in Light 
of Archaeological Evidence", Cathedra 110, p. 43-60 (hebrew). 
FRANKEL, R., 2007, “Water Mills in Israel", in: Brun, J.-P. and Fiches, J.-L. (ed.), 
Energie hydraulique et machines elevatrices d'eau dans l'antiquite Naples2007 
(Collection du Centre Jean Berard, 27), p. 157-171. 
FRANKEL, R., 2012, “Ancient Technologies: Complete vs. Conceptual Transfer", Tel 
Aviv, 39: 115-126. 
GAERTRINGEN, F.F.H. von, and Wilski, P, 1904, Stadtgeschichte von Thera,-Thera 
Untersuchungen Vermessungen und Ausgrabenin dem jahren 1895-1902, vol 3, Berlin. 
GAILLEDRAT, E., SOLIER, Y., 2004, L'établissement côtier de Pech Maho (Sigean, Aude) 
aux VIe-Ve s. av .J.-C. (fouilles 1959-1979). Monographies d'Archéologie 
Méditerranéenne, 19, CNRS, Lattes. 
GENÍS, MªT., 1986, “Cap a una tipologia dels molins d'època ibèrica a Ullastret". 
Faventia, 8/2, p. 99-113. 
GEORGES, V., JACOTTEY, L., ROBIN, B., in this volume, "Les molettes à rainure: 
nouveaux indices sur le perfectionnement du matériel de mouture dans le bassin de la 
Loire à l'âge du Fer". 
HARFOUCHE R., SANCHEZ C. AND POUPET P., 2005. "Aménagements hydrauliques et 
paysage rural de Narbonnaise à Mailhac (Aude)", Gallia 62, 2005, p. 119-130. 
HOWARD L., 2011. "After the storm. New remains at Cocker mouth", Current 
archaeology, 255, June 2011, p. 34-39. 
JACCOTTEY, L. and LONGEPIERRE, L., 2011, “Pompeian Millstones in France", in: 
Peacock D. and Williams D., eds, Bread for the people, Southampton, Southampton 
Archaeology Monograph, p. 97-116. 
JACCOTTEY L. AND ROLLIER G. (dir.), in press, Archéologie des moulins hydrauliques, à 
traction animale et à vent des origines à l’époque médiévale, Actes du Lons-le-Saunier, 
du 2 au 5 novembre 2011, Annales Littéraires de l'Université de Besançon, France. 
JACCOTTEY L., ALONSO N., DEFRESSIGNE S., HAMON C., LEPAREUX-COUTURIER S.,
BRISOTTO V., GALLAND-CRETY S., JODRY F., LAGADEC J.P., LEPAUMIER H.,
LONGEPIERRE S., MILLEVILLE A., ROBIN B., ZAOUR N., 2011, "Le passage des meules 
va-et-vient aux meules rotatives en France", in: Krausz, S., Colin, A., Gruel, K., 
Ralston, I., Dechezleprêtre, T. (dirs.), L’âge du Fer en Europe: mélanges offerts à 
Olivier Buchsenschutz (Mémoires 32), Ausonius éditeur, Bordeaux, p. 405-419. 
KOUROUNIOTES, K., 1917, "Κιναιδοι µυλωθροι", Ephemeris Archeologihe ,1917, p. 
151-157.
LANCEL, S. (dir.), 1982, Byrsa II. Rapports préliminaires sur les fouilles 1977-78:
niveaux et vestiges puniques. Rome: École Française de Rome.
LAUFFER, S.  1971,  Diocletians Preisedikt, Berlin (Walter de Guyter).
LEDUC, M., 2008, "Les pistrina volubilitains, témoins majeurs du dynamisme
économique municipal", in: González, J., Ruggeri, P., Vismara, C., Zucca, R. (eds),
L’africa romana Le ricchezze dell’Africa. Risorse, produzioni, scambi.Atti del XVII
convegno di studio, Sevilla, 14-17 dicembre 2006. vol. 1, Sassari. 2008, p. 475-505.
LEDUC, M., 2011, “L'artisanat au coeur de la ville: l'exemple des pistrina de Volubilis",
in: FONTAINE, S., SATRE, S., TEKKI, A., (éds.), La ville au quotidien. Regards croisés sur
l'habitat et l'artisanat antiques. Afrique du Nord, Gaule et Italie, p. 181-189.
LEPERAUX-COUTURIER, S., 2014, "Intricate Dressing Patterns on Grinding Surfaces of
Rotary querns and millstones from Antiquity in the Paris Basin (France): State of
Research and Perspectives", in: Selsing, L. (ed.). Seen through a millstone. Geology and
archaeology of quarries and mills, Bergen Norway), Museum of Archaeology,
University of Stavanger, p. 149-158.
LEVEAU, P. 1996, "The Barbegal water mill in its environment: archaeology and the
economic and social history of antiquity”, Journal of Roman Archaeology, 9, p. 137-
153.
LEWIS, M.J.T, 1997, Millstones and Hammer- The Origin of Water Power Hull
(University of Hull Press).
LINDET, L, 1899-1900, "Les origins du moulin a grains", Revue Archeologique XXXV:
413-427 and XXXVI, p. 2-44.
LONGEPIERRE, S., 2012, Meules, moulins et meulières en Gaule méridionale du IIe s.
av. J.-C. au VIIe s. ap. J.-C. (Monographies d'Instrumentum, 41). M. Mergoil éditeur.
Montagnac.
LONGEPIERRE, S., 2014, “Les moulins de Gaule méridionale (450-1 av. J.-C.): types,
origines et fonctionnement", in: ALONSO, N. (ed.), Dossier: Molins i mòlta al
Mediterrani occidental durant l'edat del ferro, Revista d'Arqueologia de Ponent, 24, p.
289-309.
MAGEN, Y., 1993 “Mount Garizim and the Samaritans”, in: MANNS, F. and ALLIATA, E.
(eds.), Early Christianity in Context, Jerusalem (Studium Biblicum Franciscanum
Collectio Maior 38), p. 91-147.
MEYERS, C., 2011, “Flour for Bread: Did New Technology of the Roman Period Cause a
Crisis for Jewish Women?", in: ARMIN LANGE, K.F., ROMHELD, D. AND WEINGOLD, M.,
Judaism and Crisis. Crisis as a Catalyst in Jewish Cultural History, Gotlengen: 
Vandenhoeck & Ruprecht: 237-258. 
MOREL, J.-P., 1969, “Kerkouane, ville punique du Cap Bon. Remarques archéologiques 
et historiques", Mélanges d’Archéologie et d’Histoire, 81.2, p. 473-518. 
MOREL, J.-P-, 2001, “Aux origines du moulin rotatif? Une meule circulaire de la fin du 
VIe siècle avant notre ère à Carthage", in: J.-P. Brun and Ph. Jockey (ed), Techniques et 
sociétés en Méditerranée, Paris: Maison Méditerranéenne des Sciences de L'homme, p. 
241-250. 
MORITZ, L.A., 1958, Grain Millsand Flour in Classical Antiquity Oxford: Clarendon 
Press. 
NEILS, J., 2011, Women in the Ancient World, The British Museum Press, London. 
NETZER, E., 1991, Masada. vol. 3, Yiguel Yadin Excavations 1963-1965: Final Reports, 
the Buildings Stratigraphy, and Architecture. Jerusalem: Israel Exploration Society and 
Hebrew University. 
PAGES-ALLERY, J., DECHELETTE, J. AND LAUBY, A., 1903, "Le tumulus Arvenne de 
Celles pre Neussargues (Cantal)", L'Anthropologie, 14, p. 385-416. 
PARSONS, A.W. 1936, "A Roman Water-Mill in the Athenian Agora”, Hesperia 5, p. 
10-90 
SCHIOLER, T. AND WIKANDER, O. 1983, "A Roman Water-Mill in the Baths of 
Caracalla”, Opuscula Romana 14, p. 47-64. 
PEACOCK, D., 1980, "The Roman millstone trade: a petrological sketch". World 
Archaeology, 12, p. 43-53. 
PEACOCK, D., 1986, "The production of Roman millstones near Orvieto, Umbria, Italy", 
Antiquaries Journal, 66, p. 45-51. 
PEACOCK, D., 1989, "The mills of Pompei", Antiquity, 63, p. 205-214. 
PEACOCK, D., 2007, “Stone artefacts". in: Peacock, D., and Maxfield, V.A. (eds., 
“Survey and excavation at Mons Porphyrites 1994-1998., volume 2, London. 
PEACOCK, D., 2013a, The stone of life. Querns, mills and flour production in Europe up 
to c. AD 500, Southampton Monographs in Archaeology new series, 1., Southampton. 
PEACOCK, D., 2013b, "Segmented Mills in Classical Antiquity. in: Poblome, J. (ed.), 
Exempli Gratia: Sagalassos, Marc Waelkens and Interdisciplinary Archaeology. 
Leuven University Press, p. 153-164. 
PEACOCK, D. AND WILLIAMS, D., 2011, "Pompeian style mills in Jordan and Syria, in: 
Selsing, L. (ed., “Seen through a millstone. Geology and archaeology of quarries and 
mills, Bergen (Norway), Museum of Archaeology, University of Stavanger, p. 97-108. 
PEÑA, Y., 2010, La producción de vino y aceite en España. Institut Català 
d'Arqueologia Clàssica, Documenta 14, Tarragona. 
PIPERNO, D.R., WIESS, E., HOLST, I., NADE, D., 2004, "Processing of Wild Cereal Grains 
in the Upper Palaeolithic revealed by starch grain analysis. Nature, 430, p. 670-673. 
PORTILLO, M., 2006, La mòlta i triturat d'aliments vegetals durant la Protohistòria a la 
Catalunya Oriental, Tesi doctoral. Departament de Prehistòria, Història Antiga i 
Arqueologia, Universitat de Barcelona, Barcelona. 
PORTILLO, M., LLERGO, Y., FERRE, A., ANGLADA, M., PLANTALAMOR, LL., ALBERT, 
R.M., 2014, "Actividades domésticas y molienda en el asentamiento talayótico de 
Cornia Nou (Menorca, Islas Baleares): resultados del estudio de microfósiles vegetales. 
in: Alonso, N. (ed.), Dossier: Molins i mòlta al Mediterrani occidental durant l'edat del 
ferro, Revista d'Arqueologia de Ponent, 24, 1, p. 311-321. 
PRITCHARD, J.B., 1978, Recovering Sarepta. A Phoenician City. Princenton. 
PY, M., 1992, "Meules d’époque protohistorique et romaine provenant de Lattes", 
Lattara, 5: 183-232. 
Quesada, F., Kavanagh, E., Lanz, M., 2014, "Los molinos del yacimiento del Cerro de 
la Cruz (Almedinilla, Córdoba): clasificación y análisis de los ejemplares de época 
ibérica y emiral", SPAL. Revista de Prehistoria y Arqueología de la Universidad de 
Sevilla, 23, p. 83-118. 
Renzulli, A., Santi, P., Nappi, G., Luni, M., Vitali, D., 2002, "Provenance and trade of 
volcanic rock millstones from Etruscan-Celtic and Roman archaeological sites in 
Central Italy", Eur. J. Mineral., 14, p. 175-183. 
REYNOLDS, T.S. 1983, Stronger than a Hundred Men. A History of the Vertical Water 
Wheel, Baltimore Maryland/London: John Hopkins University Press. 
RUNNELS, C.N., 1981, A Diachronic Study and Econom-ic Analysis of Millstones from 
the Argolid, Greece. Ph.D. diss., Indiana University.   
RUNNELS, C.N., 1990, "Rotary Querns in Greece", JRA 3, p. 147-54. 
Sáez Fernández, P., 1987, Agricultura romana de la Betica, I, Monografías de Dept. de 
Historia Antigua de la Universidad de Sevilla. 
SEBESTA, G., 1992, La Via Dei Mulini – Dall' esperienza della mietitura all' arte di 
macinare,Trento. 
SIMPSON, F.G. 1976, Watermills and Military Works on Hadrian’s Wall. Excavations in 
Northumberland 1907-1913, Kendal: Titus Wilson & son. 
SMITH, M.P., 1931, "The Occupation of the Hamwortrhy Peninsula in the Late Celtic 
and Romano—British Periods", in: Proceedings of the DorsetNatural Society and 
Archaeological Society Vol. LII, Dorchester ed, J.M.J. Fletcher: 96.  
SMITH, N.A.F. 1985, "The Origins of Water Power: A Problem of Evidence and 
Expectations", Newcomen Society Transactions 55, p. 67-84. 
SPAIN, 1985, "Romano-British Watermills", Archaeologia Cantiana C, p. 101-128. 
SPAIN, J.R., 1987, "The Roman Watermill in the Athenian Agora-A New View of the 
Evidence", Hesperia 56, p. 335-353. 
SPAIN, J.R., 2008. The power and performance of Roman water-mills. Hydro-
mechanical analysis of vertical-wheeled water-mills Oxford, BAR (Int. Ser. 1786). 
STEENSBERG A., 1979, "The Horizontal Water Mill. A Contribution to its Early 
History", Prace I Materialy - Muzeum Archeologicznego I Etnograficznego W Lodzi 
25, p. 345-356. 
STORCK, J. AND TEAGUE, W.D., 1952, Flour for Man's Bread,  Minneapolis.  
TAKAOGLU, T., 2008, "Archaeological Evidence for Grain Mills in the Greek and 
Roman Troad", Vom Euphrat bis zum Bosporus. Kleinasien in der Antike., Dr. Rudolf 
Habelt GMBH, Bonn, p. 673-679. 
TEPPER, Y., 2007, “Tamra (Final report)", Hadashot Arkheologiyot, Excavations and 
Surveys in Israel, p. 119. 
VIVAR, G, 2008, “Els molins de vaivé", in:  Nieto, X., Santos, M. (ed.), El vaixell grec 
arcàic de Cala Sant Vicenç, Monografies del CASC, 7, Museu d’Arqueologia de 
Catalunya, Centre d’Arqueologia Subaquàtica de Catalunya, Barcelona, p. 259-266. 
VOS, M. DE, ATTOUI, R., ANDREOLI, M., 2011, "Hand and "donkey" mills in North 
African farms", in: PEACOCK D. and WILLIAMS D., eds, Bread for the people, 
Southampton, Southampton Archaeology Monograph, p. 131-150. 
WEFERS, S., 2011, "Still using your saddle quern? A compilation of the oldest known 
rotary querns in western Europe, in: PEACOCK D. and WILLIAMS D., eds, Bread for the 
people, Southampton, Southampton Archaeology Monograph, p. 55-65. 
WEFERS, S. AND MANGARTZ, F., 2014, “Millstones of Aswan red granite, Egypt", in : 
Selsing, L. (ed.). Seen through a millstone. Geology and archaeology of quarries and 
mills, Bergen (Norway), Museum of Archaeology, University of Stavanger, p. 83-96. 
WHITE, D., 1963, "A survey of millstones from Morgantina", American Journal of 
Archaeology, 67: 199-206. 
WIKANDER, O, 1979, "Water bMills in Ancient Rome", Opuscula Romana, XII: 13-36. 
WIKANDER, O. 1985, "Archaeolgical Evidence for Early Water-Mills an Interim 
Report", History of Technology 10, p. 151-179. 
WIKANDER,O, 2000, "The Water Mill", in: WIKANDER, O., Handbook of Ancient Water 
Technology, Leiden . Brill ( echnology and Change in History 2), p. 71-400. 
WILSON A., 2003. "Late antique water-mills on the Palatine", Papers of the British School 
at Rome, LXXI, p. 85-109. 
WILSON A., 2010, "Wooden mills and mill races : the development of a Northern 
European mill wrighting tradition", in : Bennett P., Riddler I. and Sparey-Green Ch., 
The Roman Watermills and Settlement at Ickham, Kent, Canterbury, 2010 (Archaeology 
of Canterbury New Series 5), p. 63-67 . 
WILLIAMS, D. AND PEACOCK, D. (Eds.), 2011, Bread for the people, Southampton, 
Southampton Archaeology Monograph. 
WILLIAMS-THORPE, O., 1988, "Provenancing and archaeology of Roman millstones 
from the Mediterranean area", Journal of Archaeological Science, 15, p. 253-305. 
WILLIAMS-THORPE, O., THORPE, R.S., 1989, "Provenancing and archaeologt of Roman 
millstones from Sardinia (Italy)", Oxford Journal of Archaeology, 8, p. 89-113. 
WILLIAMS-THORPE, O., THORPE, R.S., 1990, "Millstone provenancing used in tracing 
the route of a fourth-century BC Greek merchant ship", Archaeometry, 32, p. 115-137. 
WILLIAMS-THORPE, O., THORPE, R.S., 1993, "Geochemistry and trade of Eastern 
Mediterranean millstones from the Neolithic to Roman periods", Journal of 
Archaeological Science, 20: 263-320. 
WILSON, A., 1995, "Water-power in North Africa and the development of the horizontal 
water-wheel", Journal of Roman Archaeology 8, p. 499-510. 
WILSON, P.N., 1960, Water Mills with Horizontal Wheels Kendal (Titus Wilson & sons-
The Society for the Protection of Ancient Buildings No. 7). 
ZIMMER, G., 1982, Römische Berufsdarstellungen, Berlin. 
Figures 
 
Figure 1.- Schema of mill types and their means of operation in the Mediterranean Basin during the 1st 
millennium . 
 
Figure 2.- Distribution of exceptional saddle quern types in the Mediterranean Basin during the 1st 
millennium BC (the mills represent zones, not sites; the datings represent the earliest examples of each 
zone): (a) Assyrian mills: (a.1.) Tel Tannim (AVSHALOM et al. 2004: fig. 1), (a.2.) Tell Barri 
(BOMBARDIERI 2010: fig. 92), 7th c. BC; (b) Archaic Greek type: Ullastret (PORTILLO 2006: 
29.4), 4th c. BC; (c) Hand-grips type: Tossal del Moro de Pinyeres (ARTEAGA et al. 1990), 5th c. 
BC (d) Ribbed type: Cornia nou (PORTILLO et al. 2014: fig. 4), 4th-3td c. BC; (e) Phoenician type 
(AVSHALOM et al. 2004: fig. 1); (f) Hand-grips type with hopper: Priene (MORITZ 1958, 43); (g) 
Hand-grips Olynthus mill: Thera (GAERTRINGEN, F.F.H. von, and WILSKI 1904: fig. 193). 
 
Figure 3.- Ancient representations of the use of mills: (a) Greek figurines of women, 5th century BC, 
British Museum (NEILS 2011: 99); (b) Boeotian model (AMOURETTI 1986: planche 28); (c) 
fragment the side of a sarcophagus in the Vatican Museum (from AMELANG 1903 in PEACOCK 
2013: fig. 5.7); (d) Megarian bowl found at Thebes (ROSTOVTZEFF 1937: fig. 1). 
 
 Figure 4.- Distribution of rotary querns (a) and Olynthus mills (b) in the Mediterranean Basin during the 
1st millennium BC (the mills represent zones, not sites; the datings represent the earliest examples of each 
zone): (a.1) Els Vilars d'Arbeca, 5th c. BC (Catalonia); (a.2.) Alorda Park, 5th c. BC (Catalonia) 
(PORTILLO 2006: fig. 6.6); (a.3) Pech Maho, 5th c. BC (France) (PORTILLO 2006: 31.4); (a.4) 
Morgantina, 3rd c. BC (WHITE 1963: fig. 8); (a.5) La Bastida de les Alcusses (Valence, Spain), 
3rd c. BC (BONET AND VIVES-FERRANDIZ 2011: fig.14); (a.6) Israel (FRANKEL 2003b: 54); (a.7) 
Priego de Córdoba; (a.8) Murcia; (a.9) Baelo Claudia; (a.10) Úbeda (all in Spain from the 
Roman period, ANDERSON 2013: fig. 3.6); (b.1) Tel Emq (Israel), type I1 (FRANKEL 2003a: fig. 
16); (b.2.) Thassos (Greece), type I3 (AMOURETTI 1986: planche 23); (b.3) Lattara (France), 
type II2 (PY 1992: fig. 4); (b.4) Mast Hoyuk (BOMBARDIERI 2010: fig. 106.3); (b.5) Halleis 
(Greece), type I.1 (RUNNELS 1981); (b.5) Mast Hoyuk (BOMBARDIERI 2010: fig. 106.3); (b.6) 
reconstruction of the means of operating an Olynthus mill as at Gamla (FRANKEL 2003a: fig. 6); 
(b.7) reconstruction of the means of operating an Olynthus mill according to KOUROUNIOTES 
(1917, fig. 3). 
 
Figure 5.- Distribution of Iberian rotatory push mills (a), Morgantina mills and Pompeian mills (b) in the 
Mediterranean Basin during the 1st millennium BC (the mills represent zones, not sites; the datings 
represent the earliest examples of each zone): (a.1) Els Vilars d'Arbeca, 6th c. BC (Catalonia); (a.2) 
Bastida de les Alcusses, 4th c. BC (Valence, Spain) (BONET AND VIVES-FERRANDIZ 2011: 
fig.14); (a.3) Tossal de Sant Miquel, 3rd c. BC (Valence, Spain) (photo H.Bonet); (a.4) 
Margalef, 3rd c. BC (ALONSO et al. in press: fig. 7); (a.5) operation of an Iberian rotatory 
pushing mill; (b.1) cross section of a Pompeian mill (left) and a Morgantina mill (WHITE 1963: 
fig. 10); (b.2) Morgantina mill from Morgantina (Sicily), 3rd c. BC (WHITE 1963: fig. 6); (b.3.) 
Pompeian mill from Ecija (Sevilla) (Sáez 1987: fig. 21); (b.4) mill from Hamworthy (England) 
(Bennet and Elton 1898: 183); (b.5) Pompeian mill from Etan Ayalon (Sur Natan, Israel) 
(FRANKEL 2003b: 55); (b.7) Pompeian mills in Pompeii (Italy) (PEACOCK 2013: fig. 5.3); (b.8) 
Pompeian mill from Ramdam Jamal, Algeria) (REINACH 1983 in PEACOCK 2013: fig. 5.8).  
 
Figure 6.- Distribution of Iberian ring mills and Roman ring mills (a), Rotary olive edge roller (b) and 
segmented Delian mills (c) in the Mediterranean basin during the 1st millennium BC (the mills represent 
zones, not sites; the datings represent the earliest examples of each zone): (a.1) Horizontal ring oil mill 
(FRANKEL 1993: fig. 1); (a.2) Cerro de la Cruz, 2nd century BC (QUESADA et al. 2014: fig. 5); 
(a.3.) Volubilis (Peacock 2013: 5.13); (b.1) Delos (DEONNA 1983 in PEACOCK 2013: fig. 5.15); 
(b.2) reconstruction of a Delian mill by Storck and Teague (1952: fig. 40); (b.3) reconstruction 
of a Delian mill by Brunet (1997: fig. 3). 
 
Figure 7.- (a) Watermills: (1) horizontal water wheel, (2) vertical water wheel; (b) geared mills: (1) driven 
manually, (2) driven by a donkey or horse (after Frankel 2003b). 
Figure 8.- (a) Development and diffusion of the mills in the Mediterranean Basin during the first 
millennium BC (after FRANKEL 2007 modified); (b) Proportion of the different types of mills in the South 
of France, between the 5th and the 1st centuries BC (after JACCOTTEY et al. 2013: fig. 5). 
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